Abstract: Vegetation was described in various spatial scales in the area of 37.8 km 2 including distinguishing vegetation units, vegetation mapping, recording phytosociological relevés (53), and completing species lists of vascular plants (86), mosses (124) and lichens (40). Phytosociological relevés were elaborated using ordination methods DCA and CCA. The relevés formed clusters corresponding well to a priori assigned vegetation units. Slope and stoniness significantly influenced the vegetation pattern. Despite the high latitude (nearly 80°N ), the vegetation is rather rich in species. Non−native species do not expand. The moss Bryum dichotomum is reported for the first time from Svalbard archipelago.
Introduction
Vegetation changes in the High Arctic have recently been discussed especially in relationship to climate change (Parmesan 2006; Alsos et al. 2007; Thuiller et al. 2008; etc.) . For any quantitative evaluation of such changes we need a solid de− scription of vegetation patterns to which the changes could be related. There are not many studies which exploit repeated analyses of earlier described patterns (Moreau et al. 2009; Prach et al. 2010; Daniels et al. 2011) . Thus, any present solid description of vegetation may enable repeated evaluations in the future and then potentially relate the revealed vegetation changes to climate change (Karlsen and Elvebakk 2003) .
Vegetation description in various spatial scales may provide a useful frame− work to other studies. Vegetation is comparative easily perceived and not fluctuat− ing so much in comparison with, for example, some animal populations. More− over, methods are well developed and standardized (Kent and Coker 1992) . Vege− tation reflects environmental factors well, including human impact over various scales.
The vegetation map exists for the whole Svalbard archipelago (Elvebakk 2005) but its resolution is rather low. On the other hand, various vegetation studies have been conducted in rather small scales, from meters to hundreds of meters, matching various purposes (Hodkinson et al. 2003; Prach and Rachlewicz 2012 this issue) . Several studies in Svalbard dealt with vegetation succession in front of retreating glaciers (Hodkinson et al. 2003; Moreau et al. 2003; Prach and Rach− lewicz 2012 this issue) . But there is virtually a lack of studies dealing with vegeta− tion patterns over a landscape scale, encompassing various habitats across the landscape (but see Jónsdóttir 2005) .
The aim of our study was to describe vegetation variability around the Petunia− bukta in central Svalbard to provide (a) a framework to other studies conducted there, and (b) a solid basis for possible repeated analyses in the future. Our study consists of vegetation mapping, analyses of phytosociological relevés, and com− pleting species lists.
Methods
The study was conducted around the Petuniabukta, the northernmost part of Billjefjorden, representing a branch of the main Svalbard fjord Isfjorden. The study area is delimited by 78°39'22" -78°44'36" N latitude, 16°22'12" -16°49'27" E longitude, and 78 (Avg.) -736 (Max.) m a.s.l. of altitude. Average annual tempera− ture is about −6.5°C, and average annual precipitation reaches ca 200 mm (Rach− lewicz et al. 2007; Láska et al. 2012 this issue) .
Field records were performed in the seasons of 2008-2010. Vegetation map− ping and phytosociological relevés were recorded in 2008. Based on the initial ex− tensive inspection of the whole area, vegetation units were delimited ad hoc re− garding dominant and characteristic species (Mueller−Dombois and Ellenberg 1974) . For the purpose of mapping, the units were pooled into 7 main units (see be− low) due to the scale of the map and frequent transitions or mozaic between the subunits. Field mapping was done into georeferenced aerial photographs (ASTER satellite scenes, ERSDAC, 2005)) in the total area of 37.8 km 2 .
The vegetation units distinguished (numbers in parenthess denote the number of relevés) and their brief ecological characteristics are the following:
Dryas octopetala community (19). -The widespread unit around the Petunia− bukta bay. Several types can be distinguished depending on the species composition and environmental factors.
-Species poor stands on extreme sites on crests and mountain summits probably with low or none snow cover in winter and very dry soil in summer. Cryogenic processes are often evident. Vegetation cover is low, less than 20%, usually about 10% with negligible cover of mosses tolerant to dry conditions (Dis− tichium sp., Ditrichum sp. Saxifraga oppositifolia community (13). -It generally occurs on young, un− stabilized surfaces deposited either by streams, glaciers, gravitation or the sea, i.e. on fluvial sediments, morains, screes or maritime terraces. Saxifraga oppositifolia seems to be frequently a first colonizer of various disturbed sites including those disturbed by humans (e.g., mining roads unused for 10 years). It gradually in− creases in its cover but other species in the meantime may dominate, thus transi− tions to other mapping units are seen. Saxifraga oppositifolia exhibits also a broad ecological amplitude considering site moisture conditions: it accompanies Dryas on dry, exposed sites and on the other hand it occurs in moss carpets on seepage sites.
-Initial stages with very low vegetation cover (bellow 5%) -More developed stages with higher vegetation cover Papaver dahlianum community (3). -It occurs on fine screes, especially in higher altitudes. Vegetation cover and species number is low.
Vegetation dominated by mosses (12
Species rich communities under bird nesting sites (2). -These are typical of high vegetation cover and species richness, where the following species were especially noted: Potentilla pulchella, Trisetum spicatum, Festuca baffinensis, Poa cf. hartzii, Saxifraga spec. div. and Draba spec div. Papaver dahlianum is also present. They were recorded in only a few places in the area.
Sea shore vegetation (1). -It was noted in only one site in the study area and with very small extent in the SE margin of the Petuniabukta, where Mertensia maritima forms a narrow strip along the high tide zone. This vegetation is not more developed here probably due to brackish character of the water.
Phytosociological relevés (53) The field vegetation map was transformed into GIS using Arcview ArcGIS 9.3 program (www.esri.com). Phytosociological relevés were elaborated by multi− variate ordination techniques of the Detrended Correspondence Analysis (DCA) and Cannonical Correspondence Analysis (CCA) using the Canoco program (Ter Braak and Šmilauer 2002) . Because of the length of gradient (5.8 SD−units in DCA), the unimodal methods were used (Lepš and Šmilauer 2003) . Species diver− sity was simply expressed as the number of species per relevé.
Results
The vegetation map. -The vegetation map of the area is presented in Fig. 1 and the percentage area of the particular vegetation units is presented in Table 1 . In Table 1 average vegetation characteristics of the vegetation units is also listed. ANOVA revealed that the units significantly differed in the cover of E 1 and E 0 , cover of stones and bare soil, and the number of vascular plants, while the numbers of mosses and lichens were only marginally significant. The highest cover of E 1 was attained in Dryas octopetala com., the lowest in Papaver dahlianum com. Cover of E 0 was, naturally, highest in vegetation dominated by mosses and there was the highest number of moss species. The lowest cover of vegetation and, cor− respondingly, the highest cover of stones and bare soil, was attained in the case of Papaver dahlianum com. The highest number of vascular plants was recorded in Ordination. -Results of the DCA analysis are presented in Fig. 2A . The relevés form clusters corresponding well to a priori assigned vegetation units but in a general view, the vegetation forms a continuum. The first axis explains 7.8% of the vegetation variability but it is difficult to interpret the axis by an environ− mental factor. The second axis (6.1% explained variability) seems to reflect site extremity from compact vegetation in bottom to low−cover vegetation on the top of the diagram.
In the CCA analysis we used two habitat characteristics which we were able to estimate easily in the field, i.e., slope and stoniness (Fig. 2B) . Both characteristics significantly influenced the vegetation pattern (p=0.002), but explained only 5.8% of vegetation variability in the case of slope, and 3.2% in the case of stones.
Species lists. -In total, 86 vascular plants, 124 mosses, and 40 lichens were recorded in the studied area (see Appendix 1). The moss Bryum dichotomum was found for the first time in Svalbard, growing in two small populations on bare soil in deglaciated area of Hørbyebreen glacier. The occurrence of Didymodon icma− dophilus was confirmed for Svalbard. Most of the recorded bryophyte taxa belong to basiphilous bryophytes. Therefore, high diversity was found among Bryum taxa, together with high abundance of species such as Ditrichum sp. div., Dis− tichium sp. div. or Encalypta sp. div. Another important factor influencing the dis− tribution of bryophytes in Petuniabukta is the gradient of moisture. In lowland lo− cations, locally abundant wetland habitats occur often with high bryophyte cover, with Scorpidium sp. div., Catoscopium nigritum, Bryum pseudotriquetrum, B. cryophilum, or Campylium sp. div. being dominant taxa. The opposite part of this gradient represent dry slopes in mountain altitudes, especially on exposed and un− Table 1 Percentage cover of the main vegetation units (see Fig. 1 ) of the total area of 37.8 km 2 sub− jected to mapping, and basic characteristics of the units. The characteristics in bold signifi− cantly differed among the vegetation units (ANOVA). -Plagiomnium sp.; PolViv -Polygonum viviparum; PseBre -Pseudocalliergon brevifolium; TimBav -Timmia bavarica; SalPol -Salix polaris; SanUnc -Sanionia uncinata; SaxAiz -Saxifraga aizoides; SaxCae -Saxifraga caespitosa; SaxCer -Saxifraga cernua; SaxOpp -Saxifraga oppositi− folia; ScorSp -Scorpidium cossoni + S. revolvens; SteAlp -Stereocaulon alpinum; SynRurSyntrichia ruralis; ThaVer -Thamnolia vermicularis; TimAus -Timmia austriaca; TomNitTomentypnum nitens; TriSpi -Trisetum spicatum. lichen, Collemataceae) and Fulgensia bracteata (Teloschistaceae). Some remarks on the occurrence are given in Appendix 1.
Discussion
The map of potential vegetation of Europe (Bohn and Neuhäusl 2000) reports for Svalbard three vegetation units: Mountain arctic polar deserts (A1); Northern Arctic tundra (B1) and Middle Arctic tundra (B3). The same classification was adopted by Elvebakk (2005) . In our classification of vegetation, Papaver dahlianum community represents Arctic polar desert. Dryas octopetala and Saxifraga oppositi− folia communities can be seen as a core of Northern Arctic tundra (B1), except that with sub−type with Cassiope tetragona which would fall into Middle Arctic tundra (B3). Our other units represent azonal vegetation of special habitats, like wetlands and fertilized places under bird cliffs, which were not mapped in the above−men− tioned sources (Bohn and Neuhäusl 2003; Elvebakk 2005) .
Since it is a calcifobe species Cassiope tetragona inhabits special places in the studied area where sufficient layers of organic material accumulated (Acock 1940; Rønning 1996) which probably must wait until a sufficient layer of organic sediment accumulates over basic rock, which prevails in the studied area (Elvevold et al. 2007) . We suppose that the tundra with Cassiope tetragona, as the plant community with the oldest vegetation history (Rozema et al. 2006) , represents a climax here.
A large area around the Petuniabukta is without vegetation, being subjected to permanent erosion, mostly by streams (especially above the northernmost end of the bay), climatic extremes on the exposed tops and crests (Körner 2003) , gravitation on steep slopes, or are not yet colonized by plants in recently deglaciated sites in the gla− cial forelands (Prach and Rachlewicz 2012 this issue) . Vegetation is very sparse or missing on the exposed summits and crests due to climate extremity. Papaver dahlianum seems to be the vascular plant which is able to survive climatically most extreme environment and unstabilized substratum (Rønning 1996) . The latter is re− flected in the results of ordination (CCA, Fig. 2B ) where the samples with P. dahlianum occur on the rightmost position along the X−axis correlated with slope. On the opposite end of an extremity gradient, i.e., on flat and stoneless terrain, com− munities with Deschampsia borealis, Carex subspathacea and Cassiope tetragona occur. A similar gradient of extremity is seen in the DCA ordination which indicates that the two environmental factors, cover of stones and slope, are important environ− mental gradients for the vegetation variability. They can be rather easily evaluated in the field. Other relevant ecological factors, but not easily measurable, such as site moisture and nutrients, are largely determined by the two above−mentioned factors (see also Hodkinson et al. 2003 and Jónsdóttir 2005) . Consequently, the first axis in the indirect DCA ordination seems to represent a complex gradient of increasing site extremity.
In the studied area of 37.8 km 2 we recorded 52% of the total Svalbard flora of vascular plants (Rønning 1996) . There are missing some species typical of acidic substratum and, naturally, those which occur only in the western, oceanic part of Svalbard. We recorded two non−indigenous species, namely Barbarea vulgaris and Stellaria graminea, both occurring in the abandoned settlement of Pyramiden in the close vicinity of the studied area but in very limited number of individuals comparable to those recorded in 1987 by Liška and Soldán (2004) . Moreover, two other non−native species, Poa pratensis s.l. and Festuca rubra s.l., were recorded there in sown swards having persisted since the time when the town was inhabited. Among bryophytes, ca 39% of the taxa presently known to occur on Svalbard (Frisvoll and Elvebakk 1996) was found in the studied area. A list of lichen species recorded in the studied area was already published by Redchenko et al. (2010) thus only those playing an important role in vegetation are listed in Appendix 1.
We can conclude that, despite the high latitude (nearly 80°N), the flora is rather rich. Non−native species are confined only to one abandoned settlement (Liška and Soldán 2004) and still not expanding despite the ongoing climate warming (Karlén 2005; Rachlewicz et al. 2007) . Vegetation patterns still seem to be rather persistent to climate change (Prach et al. 2010) . Evident successional changes can be seen only after retreating glaciers (Prach and Rachlewicz 2012 this issue) . Since the position of each phytosociological relevé was recorded in coordi− nates by GPS, they can be repeatedly analyzed in the future. Repeated mapping may also reveal some possible future changes in vegetation pattern over the land− scape scale.
